Chronic kidney disease (CKD) is becoming a worldwide problem. However, current treatment options are limited. In the current study we showed that QiShenYiQi (QSYQ), a waterethanol extract from several Chinese medicines, is a potent inhibitor of renal interstitial fibrosis. QSYQ inhibited transforming growth factor-β1 (TGF-β1)-responsive α-smooth muscle actin (α-SMA), collagen I, and fibronectin up-regulation in obstructive nephropathy and cultured cells. Administration of QSYQ also inhibited the established renal interstitial fibrosis in obstructive nephropathy. Interestingly, QSYQ selectively inhibited TGF-β1-induced β-catenin up-regulation and downstream gene transcription. Taken together, our study suggests that QSYQ selectively inhibits TGF-β1-induced β-catenin up-regulation and might have significant therapeutic potential for the treatment of renal fibrosis.
Introduction
Chronic kidney disease (CKD) has a high prevalence and mortality rate, and is thus becoming a worldwide problem. [1] [2] [3] However, there are still few clinical treatment options which can block the progression of CKD. Renal fibrosis is recognized as a final common pathway of progressive CKD [4] [5] [6] . Inhibition of renal fibrosis may be a key factor to develop new clinical treatment options.
Transforming growth factor-β1 (TGF-β1), via downstream signaling molecules, such as Smad2/3, p38, PI3K, and ERK, plays a critical role in the pathogenesis of renal fibrosis [7] [8] [9] [10] [11] [12] . However, β-catenin, a key protein in Wnt signaling, also plays a great role in renal interstitial fibrosis [13, 14] . It is now clear that all these pathways play a critical role in a wide variety of fibrotic CKDs, such as obstructive nephropathy [15] , diabetic nephropathy [16] , and drug toxicity-induced nephropathy [17] . Thus, these molecules might be a potential target for therapeutic intervention of fibrotic CKD.
QiShenYiQi (QSYQ) is a water-ethanol extract from Radix astragali, Salvia miltiorrhiza, Panaxnotoginseng, and rosewood. Qishenyiqi dropping pills, produced by Tasly interests. Hao Zhang is employed by the Tasly R&D Institute. QiShenYiQi pills are developed and sold by Tasly Pharmaceutical Co., Ltd that is a commercial company. Tasly R&D Institute is a R&D department affiliated to Tasly Pharmaceutical Co., Ltd and owns a large group of Departments of scientific research management and service departments, like the Modern TCM Department, Chemical Medicine Department, Pharmacology and Toxicology Department, Medical Analysis Department, and so on. As an employee of Tasly R&D Institute, Zhang Hao made a significant contribution to drug supply in this study. Tasly has made extensive cooperation with scientific research institutes and universities like Peking University, Tianjin Institute of Pharmaceutical Research and Shenyang Pharmaceutical University. They independentl y or jointly published many reports. There are no further patents, products in development or marketed products to declare. This does not alter our adherence to all the PLOS ONE policies on sharing data and materials, as detailed online in the guide for authors.
Cell Culture and Treatment
Normal kidney proximal tubular (NRK52E) and renal fibroblast cells (NRK49F) were a kindly gift from Doctor HuiyaoLan. These cells were cultured in DMEM-Ham's medium (Gibco, Life Technologies, NY, USA) supplemented with 10% fetal bovine serum (Gibco, Life Technologies). Cells were serum-starved for 12 h when approximately 50% confluence was reached and pre-treated with the indicated amount of QSYQ for 1 h, and followed by incubation with recombinant TGF-β1 (10ng/ml; R&D Systems, Minneapolis, MN, USA) for the indicated time period. QSYQ was dissolved in PBS to the desired concentration and filtered (0.22 μm).
Morphologic and Immunohistochemical Analysis
Masson trichrome or HE staining was performed using commercial kits (Sigma, St. Louis, MO, USA) according to the manufacturer's protocols on 2-μm sections of paraffin-embedded kidney tissues. To assess renal tubulointerstitial injury, The HE-stained sections were evaluated semi-quantitatively as described previously. Tubulointerstitial damage was graded on a scale from 0 to 3 (0, no changes; 1, changes affecting <25%; 2, changes affecting 25 to 50%; 3, changes affecting >50% of the section) [24] . To further assess the degree of tubulointerstitial collagen deposition, Masson trichrome-stained sections were graded on a scale from 0 to 4 (0, no staining; 1, <25% staining; 2, 25 to 50% staining; 3, 50 to 75% staining; 4, 75 to 100% staining of the section) [25] . Twenty cortical fields that were randomly selected at ×400 magnification were assessed in each rat, and the average for each group then was analyzed. The investigator was unaware of the experimental groups.
Four-μm kidney sections were used for immunohistochemical staining. Briefly, the kidney sections were stained using anti-α-SMA(Sigma St. Louis, MO, USA), anti-collagen I (Calbiochem, San Diego, CA, USA) and anti-fibronectin antibodies (Sigma St. Louis, MO, USA), and anti-β-catenin (CST) antibodies and detected using an Evision/HRP kit (Dako, CA, USA). Primer Sequence
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Real-Time RT-PCR
TRIzol reagent was used to prepare total RNA from cells or kidney tissues according to the manufacturer's instruction (Invitrogen, Carlsbad, CA, USA). cDNA was synthesized by reverse transcription using AMV-RT and random primers at 42°C for 5 min. The primer pair sequences are shown in Table 1 . The mRNA levels of various genes were calculated after normalizing with GAPDH using the comparative CT method.
Western Blot
Total protein of cells or kidney tissues was extracted by lysis in 500 ul of buffer containing Nonidet P-40 (10%), Tris-HCl (25 mM), NaCl (150 mM), EDTA (10 mM), and a 1 in 50 dilution of a protease inhibitor cocktail (Sigma) for 30 min on ice. Samples were centrifuged at 12,000 g for 15 min (4°C).
Nuclear protein of cells or kidney tissues was extracted by lysis of cells or tissues in 500 μl of buffer A containing Nonidet P-40 (1%), HEPES (10 mM), KCL (10 mM), EDTA (0.1 mM), and EGTA (0.1 mM), a 1 in 50 dilution of a protease inhibitor cocktail for 30 min on ice. Samples were centrifuged at 12,000g for 15min; the upper liquids were considered to be cytosolic proteins. The precipitates were washed in PBS and re-lysed in 500 μl of buffer A containing Nonidet P-40 (10%), HEPES (20 mM), NaCL (400 mM), EDTA (1 mM), EGTA (1 mM), and a 1 in 50 dilution of a protease inhibitor cocktail for 30min on ice, and centrifuged at 12,000 g for 15 min at 4°C. The upper liquids were considered to be nuclear proteins. Samples were then heated at 95°C for 5 min and separated on SDS-PAGE gels.
Transferred membranes were immunoblotted with the following primary antibodies: anti-α-SMA, anti-fibronectin, anti-TGF-β (Sigma, St. Louis, MO, USA); anti-collagen I (Calbiochem, San Diago, USA); anti-β-catenin (Cell Signaling Technology Inc., Beverly, MA, USA); and anti-PAI 1, anti-Snail1, anti-p-Smad2, anti-p-Smad3, anti-Smad2, anti-Smad3, antiSmad4, anti-p-p38, anti-p38, anti-p-PI3K, anti-PI3K, anti-p-ERK, and anti-ERK(Cell Signaling Technology Inc., Beverly, MA, USA). The membranes were incubated with the secondary antibodies after extensive washing. Immobilized bands were then detected using an Odyssey detector (LI-COR, Lincoln, NE, USA).
Immunofluorescence Staining
Immunofluorescence staining was performed as previously described. Briefly, the cells cultured on cover slips were fixed, permeabilized with 0.5% Triton X-100, and incubated with the primary antibodies over night at 4°C, followed by incubation with secondary antibodies conjugated with Alexa Fluor 488 or 588 (Invitrogen Carlsbad, CA). Cells were counterstained with 4' , 6-diamidino-2-phenylindole to visualize the nuclei. Images were taken by confocal microscopy (Olympus Corporation, Tokyo, Japan).
Biocmedical Analysis and ELISA Analysis
Serum and urine of rats were collected at 14 day after UUO procedure. Serum creatinine and 24h urine protein excretion were tested by automatic biomedical analyzer (Beckman Coulter AU480, Tokyo, Japan). Rat kidney homogenates were excreated as well as total protein excreation. Rat kidney NGALs were tested by rat NGAL ELISA kit (BioPorto, SN 1400-01, Copenhagen, Denmark).
Statistical Analysis
Data are expressed as the mean ± SD of six rats in animal experiments or three independents cellular experiments. A two-tailed t-test was used to compare two groups, and one-way ANOVA followed by the Student-Newman-Keuls test was used for comparisons between groups. A p<0.05 was considered statistically significant.
Results

QSYQ attenuated renal interstitial fibrosis in UUO
In the Experiment 1, the data showed that there had no significant difference on the levels of serum creatinine, urinary output and proteinuria between sham operation group and UUO group (S1 Table) and this could be attributed to the fact that the contralateral kidney maintains its function [26] . Also, the level of NGAL in the kidney of UUO model had no marked change compared to the sham operation group. Thus, these indicators might not reflect renal damage induced by UUO. And with HE and Masson trichrome, the result showed that marked interstitial inflammation and fibrosis occurred in UUO renal tissues stained QSYQ significantly reduced cell infiltration and interstitial fibrosis (Fig 1B) in rats with UUO. QSYQ also exerted dose-dependent inhibition of fibrotic gene expression, such as α-SMA, collagen I, and fibronectin in rats with UUO (Fig 1C-1E) . Moreover, the data show the preventive effect of QSYQ in renal interstitial fibrosis.
Delayed administration of QSYQ also attenuated renal fibrosis
We also determined whether or not delayed administration of QSYQ was effective in renal interstitial fibrosis. Interestingly, delayed administration of QSYQ not only reduced inflammatory cell infiltration (Fig 2A) , but also down-regulated the expression of α-SMA, collagen I, and fibronectin in rats with UUO (Fig 2B-2D) , suggesting that QSYQ virtually hinder established renal fibrosis.
QSYQ inhibited TGF-β1-induced fibrotic action in vitro
To further confirm the anti-fibrotic effect of QSYQ, we determined whether or not QSYQ could inhibit TGF-β1-induced fibrogenic action in vitro. As shown in Figs 3 and 4 , TGF-β1 significantly up-regulated mRNA and protein expression of α-SMA, collagen I, and fibronectin in NRK52E cells. Treatment with QSYQ not only dose dependently (Fig 3) but also time dependently (Fig 4) down-regulated the expression of these fibrogenic genes at the mRNA (Figs 3A and 4A) and protein levels ( Figs 3B and 4B) . Similar results were obtained using NRK49F cells (Fig 5) . Taken together, these data support the results obtained in UUO rats. QSYQ blocked TGF-β1-induced β-catenin up-regulation and downstream gene transcription
We next examined the potential mechanisms of the anti-fibrotic effect. Given the critical role of β-catenin activation in renal fibrosis, we reasoned that QYSQ might affect this protein. As shown in Fig 6, TGF-β1 significantly up-regulated β-catenin. Treatment with QSYQ inhibited the up-regulation of β-catenin in a dose-dependent fashion in the cytoplasm (Fig 6A) and nucleus ( Fig 6B) . Also, immunofluorescence staining revealed that pre-incubating NRK52E cells with QSYQ significantly reduced the TGF-β1-induced β-catenin nuclear translocation (Fig 6C) . We further examined the effect of QSYQ on β-catenin driven gene transcription. As shown in sFig 6D and 6E, QSYQ inhibited β-catenin-driven PAI-1 and Snail expression in NRK52E cells in a dose-dependent fashion. The similar results were obtained from QSYQ treated UUO rats (Fig 7) Effect of QSYQ did not rely on the Smads, p38, PI3k, or ERK pathways
We further determined whether or not QSYQ affected other signaling pathways involving TGF-β1. As shown in Fig 8, TGF-β1 induced Smad2 and Smad3 phosphorylation in NRK52E cells. Treatment with QSYQ did not affect TGF-β1-induced Smad2 or Smad3 phosphorylation ( Fig  6A) . Furthermore, QSYQ did not affect Smad4 or Smad7 expression (Fig 6B) . Interestingly, QSYQ did not affect p38, PI3K, or ERK phosphorylation (Fig 6C) . These data suggested that the effect of QSYQ in renal fibrosis did not rely on the Smads, p38, PI3K, or ERK pathways.
Discussion
In the current study, we demonstrated that QSYQ, a water-ethanol extract from R. astragali, S. miltiorrhiza, P. notoginseng, and rosewood, significantly attenuated renal interstitial fibrosis in rats with UUO. QSYQ might selectively inhibit TGF-β1-induced β-catenin up-regulation.
UUO is a typical animal model of renal interstitial fibrosis, in which inflammatory cell infiltration, tubular degeneration and atrophy, and interstitial fibrosis is observed 7 d after operation, while severe tubulo-interstitial injury occurs on d 14 after UUO [27] . The morphologic changes and accompanying α-SMA, collagen, and fibronectin up-regulation are widely used in detecting renal fibrosis [28] [29] [30] [31] . Our in vivo data indicated that treatment with QSYQ results in impressive renal protection in rats with UUO; later administration of QSYQ was also effective in this established renal fibrosis model. In vitro data also provided similar results in epithelial and myofibroblast cells, two of the most important types of cells in renal interstitial cells [32] [33] [34] [35] , suggesting an inhibitory effect of QSYQ in renal interstitial fibrosis.
Because β-catenin has a significant role in mediating renal fibrosis [13] [14] [15] , it might be essential that blocking β-catenin prevents renal fibrosis. Indeed, our study showed that QSYQ dramatically suppresses β-catenin up-regulation induced by TGF-β1. Treatment with QSYQ not only inhibited β-catenin-driven PAI-1 and Snail1 expression, but also inhibited fibrotic gene expression, including α-SMA, collagen I, and fibronectin in epithelial and myofibroblast cells. The inhibitory effect of QSYQ appears to be β-catenin-specific because QSYQ did not affect Smad2/3 phosphorylation or the expression of Smad4 or Smad7, or the activation of other downstream signaling pathways of TGF-β1, such as p38, ERK, and PI3K. CKD is becoming a worldwide problem. However, there are few intervention strategies available that specifically target the pathogenesis of renal fibrosis. Given the critical role of TGF-β1 in renal fibrosis, the efforts for developing anti-fibrotic strategies are focusing on this signaling pathway. More and more molecules inhibiting the TGF-β pathway are under development, including neutralizing antibodies against TGF-β [36, 37] , soluble chimeric TGF-β1 receptor [38] , small molecule inhibitors for TGF-β Receptors, such as ALK5 [39] , selective Smad3 inhibitors [40] , and GQ5 [41] . Selective β-catenin inhibitors, such as ICG-001, have been proven as an effective inhibitor of renal fibrosis [42, 43] . Until now, these molecules are far from being ready for clinical application. In the present study, we found that QSYQ selectively inhibits β-catenin up-regulation and downstream fibrogenic action.
QSYQ is a complex extraction from a series of Chinese medicines and it contains many active components, including astragaloside, tanshinol, protocatechualdehyde, and ginsenosides Rg1 and Rb1 [44] . Astragaloside is the main effective component of Radix Astragali, and it can regulate the immune system, decrease glucose and inhibit the inflammation reaction [44] . As the main effective components of Radix Salviaemiltiorrhizae, Tanshinol and protocatechualdehyd ehave the effects on inhibition of thrombosis, and enhancement of the immune function [44] . Ginsenosides Rg1 and Rb1 are the main effective components of Radix Notoginseng, and their pharmacological actions include inhibiting platelet coagulation agents, reducing myocardial oxygen consumption, and so on [44] . However, the useful compounds were still unknown and the action of QSYQ on the renal interstitial fibrosis might contribute to the synergistic effect of many active components. In addition, few side effects associated with QSYQ have been reported. In a preliminary toxicity test, rats were treated with QSYQ via by oral gavage at a dose of 2.5 g/kg/day for 90 days. Blood examination and pathological observation demonstrated that QSYQ have nomarked toxicity. Thus, QSYQ might provide an alternative drug for treatment of CKD in the future.
Conclusions
In conclusion, we have identified a Chinese medicine, QSYQ, as a potent selective inhibitor of β-catenin. QSYQ, by blocking the activation of β-catenin, inhibits downstreamfibrogenic action and attenuates renal interstitial fibrosis in rats with UUO. Our study provides an incentive to conduct clinical trials to confirm the use of QSYQ in patients with CKD.
Supporting Information S1 Table. Serum creatinine, 24h urine and 24h urine protein excreation of rats. Serum and urine were collected at 14 day after UUO procedure. Serum creatinine and 24h urine protein excretion were tested by automatic biomedical analyzer. Rat kidney NGALs were tested by rat NGAL ELISA kit. 
